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(57)Abstract: 

PURPOSE: To retard drop in water repellency in a catalyst layer, stably maintain a three-phase 
interface in the catalyst layer for a long period of time, and lengthen the life of the catalyst layer in 
a fuel cell. 

CONSTITUTION: An electrode catalyst layer containing conductive powder such as carbon black 
on which a platinum catalyst is supported, a powdery binding resin having water repellency such as 
polytetrafluoroethylene(PTFE), and pitch fluoride is formed on a conductive base material. Pitch 
fluoride, different from fluororesin such as PTFE, has low melt viscosity, is soluble in a fluorine base 
solvent, and has higher water repellency than PTFE. Pitch fluoride can uniformly be permeated and 
diffused in the catalyst layer by baking the powdery pitch fluoride or impregnating a pitch fluoride 
solution, and a uniform three-phase interface is formed. 
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(57) [£&] 

[lift] IMtB«5»*tt«5lB;T*iqiMU BiiStttlC* 
«t*=ffi*lB**«|IIHCH«)*5tU*i#L, ftffllifeC 

-*'>y7 y?i f O^tStt^eft:, >J r h 5 7 ;u * 
axfl/> (PTFE) 4*0«*te**1-4fttHKtt 

-f&„ PTFE5:f07 7f»itS 

fcfcfctU, PTFEJ: 19 4«*tt**»v>. 

rm# 7 7 <t f ? * <nimmL , 7 7 ft e » n mm c 

eta*?*, *&-«tE«ffB*fM)fC* 

So 
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cw*ja 2 ] $ e> i : , »*tt * * t * 
mt-kbmxm i Ettott&Knt&tta. 

W>> r l-77;^Dxf i/>-A#t7*tofDt' 
U>*fi-&#s ifclif h77*tnifl/>-;<-7 10 
&> * d 7 * * ;Hi*- *x - r ;w*S-g-#T-* * |g*J| 3 
EttOTCttttflUfctt. 

31 1 XI* 2 EIKO*&tttt&a*. 

[W*JS6] 3 oTxsv-cfcKtttiftttAan l 

0 0 JEl±-C*4 7 v -ft tf 7 * i *tr»*« 1 Xli 2 Eft 

tt*£t*^#8*tt»Ji5 - 6 0*fi%, £1/3 0 20 
1CKfcv>T;!KU*t*&«tta 1 2 0° £LL*>7-yfl:tr? 

f-o. i -5 om*%^-ttfif*Jiixii2ie©oiffi 

86, fc«tt>*3 OtJU43v»Tjja:*tt*«IMS 1 1 0° £L 
±0 7 7 ft tf 7 f - Sr ^tr 3 ivc t > S ■*« 
8 ie®oms*to jo 
[«*« i o ) »*ttat#u, »*« i xi± 2 e««> 

E£ft * £ trftfcflffi * t & «£# <r> ^mum o 
[R*# 1 1 1 #7LK**tt«#U, Mflta^^^ 

ttlfi is * tf7 7 ft tf 7 * fc jg* u arxJHM 
**r*«jtt*BMtJ|ll 0EfW>*ft, 

*tt»K**trJB*JBi*U y yit^y^X'tmU if 
[IWR 1 3 ) KK*0*1B*3 *ifc««ttttX«tt 

2 E««5^So 

1 4 ] Mm rffM L fcft, 2 0 0 ttt±«> 
iSKt1*&3it*fl*Jil 0-1 3 0^rit*»«5«UE 

[0 0 0 1 ] 
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[0002] 

»*Lfc#- 9 * *BWf t HMitttltTiHtt-t^Srfll* 

t*« ttEttfeUJiUntSUii. a#, Jfrx«(**«* 

[0 0 0 3] ttEMKHli. m»x***— ^«5E»» 
$ u * # * a ( it *> , MHftAft k H L r a* 

W»***«t$nTv>S 0 Wxtf, &MBB5 7- 1 6 8 4 

gsttsae^ (7-tfi/^7"5^) testae?- 

^<7)S7ce^<7)fl:fH0 1 0 s «£Lt*>#«**t*»* 
ttl&K ££tfft^ftl£#t*$$m?l!jm 
SA'B^SftTV**, ^^BB6 1 - 2 2 5 7 6 8-f&« 

[0 0 0 4 ] #^BS 59-157963 *&«Utt, * 
•;x j-77^Dxfl/>{:tftU 3 7 0-4 3 0'C 

r-giaa l §>iinm a m » tz®mw.m£%.m s ® 
*ffl-e**tE«$nrv^ 0 jy-j, #^0357-30 

2 7 0-t&«(ctt, *-.if> 7*5 7 ^"fc ir<^jS«14%fi 
h7 7;u^nx^i.>^tr#?Le«jt**'9i 

[0 0 0 5] S «b #H7 1 -2 9 2 7 5 5^ft«U 
I*. #?LR*«#±U, S^^^tlitL/^*, 7 7 

[0006] c^i-jc, mm® a, »#, §>um& 

imiz , g&M«t tiB^ L /cigSli * - # > 75 7 * , 
©tttt#y f- h7 7^*nx^lx>-4'f trafiic^iife* 
L, tnsft«tSLT^'Jx b77;u*Dx^b>^g^3 

ttKfi - **7. « - H«Sffi TiSS: 
?n^Effi^®7» t i¥tt-f--&o L^L, .f'J7h77;^ 
"f^i t'0©iS«t7 7S»JiS:^tr»!j»l trftA 
tit, 7y**ffl|fl>*MttKjJtKt>3t*S>, fi*«l<7)aB 
?Ll*IO®>».^2i^1t * - +' > 77 7 7 OIEBU 7 7 
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[0 0 0 7] * LT, «ft*«l«rjHEi-4 t . 
li, #'J r h 77;u^-oi^w>i3iO f *-.-K>7'v 7 

r , # 'J r h 7 7 ;u * n x ^ u > tc ± * JffcKtt is <fc V ii 

-*->7*7 y ^*n<os7ktt**fiTL, mmnu\-~ y 

frKl&JMWftTU i, ftttS 

[0 0 0 8] fcfc, Ml«K<B <0 l*ia5^«0«Wfl![OSiS * 

[0 0 0 9] 

[«W****LJ:Ti:1-*ll«l tot, 

[ooio] *»wo*oifl«;ii, MMHWfeKmt** 
[0 0 11] KfltOl ttti, *v»SWi-c« 

[0012] *»tH«5lfeoiWtt, «rseo$n£gftfc# 

[0 0 13] 

WfcWSfett* (1) 7-7ftf7^^ 

HMctt**-r*ct, (2) m«tik7 ?it*v+w* 

*TT*tt?*4fcfc{>u|fcft.£ (»£) 

* § l t ttMMt wg*, mms i 7 v ft tf f -c*a 

TSrWSUt^ 4 :t, =«#ffia***j-uilB*SftS z t 
[0 0 14] -fit)*,, *ft930«ajft*fe«ai*, M 
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tftftfl", fci^yfttfyf-tfAT*^ 

J: v>„ 7 7 ft t? * *ttBfW»tt#Xtttt# t L rttffl 
l-C&,n>„ 77ftkT7f-(i, #yf-b?7A-*Dxf- 

[ooi5] mnnitwiimt Lrttffl-e***»wo 
[0016] *wm&izt3^x. mi&mi tit 

20 [0 0 17] W«Um*»(i, M««#, ««ttft«S! 

i± , u a » x mtm % Kfc * t * ml * out 

j», 01x.(f, )Vtf)A, Dv'W, A-7v7i, 
$7A, -f ';->*-7A, fi^, ZfLf>(0-&^4f<0fi^ 

li, fflHf, S^lie^^«rfflv^*»-&**#v»o 
[0 0 18] LTIi, IMHttmi/m 

tt05*v»»eH:, ffilxtf, 7tfU>7 , 7-^ 1 7 7- 
30 ^X7*77^, ft>7.JI<77 7 7, y-/fi>77'? 

*4ironit*-iif>r77*, Sim j*»4tr«5 

^SK»S<$4 f J5«^lf <b it*. Zil<b oS^tt^Sft: 

*>»1£tttf-*>7'7 7 ^ tfflt>*»-fi-**#v»e $ 
^1tTO#<OJt^ilQffili, 0Jxlf, 20-4 5 0 0 m 2 
/g, 4fiL<li3 0- 3 0 0 0m ! /gfI*T-** 0 

t) 5 , -))XWUttffl$n-&*-*'>7'7 7^oeSli, 00 
x.lf, 0. 0 1- ljum, 4fiL<li0. 0 2-0. 1 
40 //mggT-*4o 

[0 0 19] *«tt«ttft«>*«ttts «x.tf. ®.&L® 
£mzMLX 10-8 0SS%, ftriL<li 30-75 
£fi%, S <b C#* L < li 4 0 - 7 0 fiH%flST-*> 

[0 0 2 0] Kft&xKfci3J:l>'!E&x*>i^-~,<oge 
fc*, frfE«!«fiS;7>(i, »«tt»efttc 
JUt^itrv^OjJtffi L^o 4J3, ftfeatfi£73-* f JHf S 
ft 2gmttrM# i: li , M jKtt^AHE^ S ft T v > * v>i» 
*tt8tt*4 t ft&LTv»T<»J:v». WiA#»ffltL)(: 
50 ««tt«ttflcit. Iflfflo^ft, Plxlf, 
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4 t*'-c*4. tt«t*fl-oii»*ii, fllxif, 

ttttftft 1 t (0£ft%cn l X 1 - 2 5 ft 

496, *f*L< 14 5-2 0£ft%«gT**o 
10 0 2 1 ) -e-LT, **njtfrflMI»«>8*tttJEMi: 

4v>* f , ftlSffltcft I) ££US(Et *»$H|jfew 70 

ft7 7ft tf 7 *■ fcttffll-*****^. @ft«C7 7 fbt? 

?fli, #0SlB86 2-2 7 5 1 9 Offt«i:pa*$ftT 

[0 0 2 2] -ASIC »*flitt«AJI9R¥1E 
a f ««LfcB»j6«r* U *»o^fti|JFlI*fl|ft+«3jr 
W > «r t'OU&BSSl^tTK^^C 4 *) SSffi L fc 
«aSr*LTV>4. tfy^tLTI4, 00x14, 5vft3Eg 

?4, n - )v 9 - )Vt £ f VTafaJk i fcttE&^SKrftfcS* 
9U»jA2 0 0t*ilOfii».««:fl-S:|!it*Lfctry*, 

$ t, {c i <r> m v * \z B^m^SMm. f £ ife L If 7 

fiiWf.Mo 4 l)*#MtC(4, fcfy^Utt, 00 
7x-Xf7f, 4 fctt5«i*ft R« *«9 Lft 

[0 0 2 3] @ft*c77^tt?7^«4, 00x14*, \£yf-b 

7vttJo-350 'CSarsic'S** i t 1: 4 "9 # 50 

btii, 4"9*«:fl")U(4^<04-5i^fe*Wi.it*o 
[0 0 2 4] (1) tf7^£77f!f*'7.t£, ftO-ft 
3 5 0*C^iaSr-EgRlL.$-<i-*^ o »i U'Klfcift 
JlilfytOl'MaTOlIt'?**. 7 7*EI4, # 
URteS*l4:v»* f , 00x14, 0. 0 7-1. 5^E?>ro 

> , * * > % t*<7)7FfS14**^ T'^sffv LtIv>TUv>. 
[0 0 2 5] '&bixtz7vft\i 7^(4, HSfl*lU^S® 
?-43 4 0*7 7^]f^34'ibi:l), F/CJF.*F-Jt(4, 0flx 40 
14*, 0. 5-1. 8187*1,. Zff)£il£7?itV-J 
f liv TIE (a) , (b) , ( c ) ( d ) O^te* 

[0 0 2 6] (a) ®?tZX&®m-)3^X 2 8= 1 3' 
#JSCfi7s3*SOlf-^Sr^L, 2« = 40* ftiSUlW 
SEk*-^4 f) ^t&ISW/hS^t'-iJ'SrTjrt- 

(b) X®7tm*fS-*»lfU45^T, 2 9 0. 0 + 1. 
0 e Vi:CF3H:fflS1-*e-^, &0*2 9 2. 5± 
0. 9eVMfiCCF 2 aSUffiS + a»f-***jiL, C 
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?<V®.2<Mttf, 0. 15-1. 5fIST-*i 

(c) ngm^izxvxmzv&tizttfX'Zz, 

(d) 3 0"CtC4J^T7Kl-il , i-*«»^3' t l 4 1* +8 
[0 0 2 7] flietafl-«7 7ftt:'7^l4 > Sfe7*J*£3t& 

[0 0 2 8] $<b(C, 77^7*14, itn&ttffi«0> 
»»-e»* zti>x-£& 0 ^iStUttn^o 7 7 

ltk:'7^<4, 0lJx(4, (2) 7';ftt'7fi7-;f#X 
gH5aT, 0. 1 - 3 t/tfgR, 4fi L<(40. 5- 

1. 5r/»aso#iaa*s-e2 5 0-4 0 ccgfsi: 

StWilU f?r'SB#H, 00x14, 1 - 1 snails, 
t L< (46-1 2«*Ba*RI&S*4;t»:j: 
t # * . » 5, it -S?fJ#)!&« 7 7 jt f 7 ^ (4, W x 
14, ^<7)4^^#li*^to 

[0 0 2 9] (e) F/C=l. 5-1.7 

( f ) WL&.2 5 0- 9 0 0 nm(:^lt-&7tjSii$ I 9 0 

(g) 1500-2000 
( h ) tfcft * : 1 5 0 - 2 5 0 "C 
^ it b <r>7 7 ft e 7 f - (4 -ttX !4ZlttJ.J.±ffi ffl XZZo 

ffiu^^fckfyf-uii, frie (1) <o7jftt:4 0# 

<bii*77fte7^, ftlB (2) <7)73tt(C4i9#e>n* 

[0 0 3 0] @^7 7fb^7f-0|i:ft*"5l(4»*l4, 
00x14, 10 0tfil±, ft$ L<i4 1 2 5-4 0 Ot:, 
L< 141 50-350, #t: 200-350 
tgSt-iio ®fc&y 7 ft if 7^<of;'ft.*;Xt4S4* 
14, «*#ftrlii^l4iastci&i:-cai(;-e#, ■ffi^ftriliw 
ftS*iaS4 <7 4»v»WtjSX«4»jftt*f 47 »ft»f » 

ioo3i] friE7 7fbf 7^i4, it^mzT-m&xm 
&&toi.im*mt>m<. wis (si*) **t*tt 

*>K, SS»ttKl4/J>$v> c L*>t, 77ftif7^(4, *• 
'* f - h 9 7 il-tnif \s> £t) iMfc&tf&^t^T® 
fe****. -tot*, 7»fc*»*-MMfc#i: LTWflE 
«■*:** S*T, iin^Xl4«fi£Mat.?.ii:(:4 19, # 

ifc, ttieft&jftj-K ^mi4©iefl-i3 4y f S7Ki4$s*is 

<-C**tt4U, =«JMBU, V>Bt4 

4 0 dfjf b77^iDifi/>i:j;i)iSJ 

tt4S*jSgs (iiig) 4>)t, $<9»:{KiW^goS*jS 
KS^FM-CSao-C, «/>«:=ffilF*B*JfJ-aL, ^-4 
**ft*W£EJC&*fi!Sc7C:t*»-c#*. 3ffi 
#!S^fifSPfli:S , )-5'Sl:ilt^T-§, H»W4rftE±# 
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[0032] ifWi^'yitf-yfrWHrffl 

x.M\ s P*e^82 0/imBlT, fftL<(40. 01- 
15^mfIJS> SfeUff* L<(i0. Ol-Sjumg 
ft, #U0. 0 l-3//mfISf^ 0 
[0 0 3 3] ifc, tP^XIiM^jUSli^ l*R7 7ft 70 

ftU?fOftt«ttlWH±01«, fiPS L<(*2 0 
0-4 0 0t, £<b*:ff4 L<(22 5 0-3 8 0 tflft 

[0 0 3 4 ] fcfc, »E7y{fcvfyf-o«*tt(i, RI6 
773Sftgit , i:J:i)3>hn-w^ 3 0*C 

h771^UxfU>^105' fIftT*<fc&OU#L 
T, 0Ox.tf, 1 1 0° £Lt, »iL<lil2 0° fl± 
(«Atf, 120' -150' ) , S<bUflP4L<lil 20 
2 5 - 1 5 0° fIg*C*£o 

[0 0 3 5] «E7yftkr yfli, *'Vrh7 

7 n p > t «i 19 v y m&mmzm%r-$>z> i 

-T&t, ©ft«7yft^yf-S:ffl^*»^lfc'<T, # 
^tt*3&U«J&* J: Oft— CftfflSrE 50 

[0 0 3 6] »EH»«7yfttryf-*r»)BXtt»tk-r 
LTIi. W£(f* tvu Y')y>l<*u* 9 

>?>\ h U *nn h ij 7i^nx^ y^nnf h 

^**7^*D^>Hf > N M , -7;^nrj^>|, 
-7i^nr^^7 s >!iftiro*Sl7y**ft* 40 

-*-*>ft*ft»* if$F£¥2 - 2 7 1 9 0 
S*iTv»4i8[*77ft»fyf-4 f O &fi<0 7 y S^i§8£ 
*«*tf h ix h o C ii e> O jgft (i -ffiX (i - ffl iJL±«ffl L 

xi> 

[0 0 3 7] m$Z<0±7(Z s ffi*0 7 7 5R»BiUlt'<T 

aim. miimtuzfccxfc^mmxmiRxz, vt 50 
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a«tt^O0. l-5 0£ft%, JJ4L<lil 
-4 011%, ^CffiLU* 2-3 0M%SR-C 

[0038] s?>^ ttMftaawi* mwwkb* 

r h 77i^nxf l//, rF77;^Dxf 
^rt7^tn7'oeu>^i^ xfV>-f F77 
;l/*ax^p r h 7 7 n x^ u > -/< 

-7fl<*n7;l'4/utfx^x-7 L ;u*E#ft. x^U> 

DX^>-^*-tf 7^*07^ lfl/>-y<- 7)V*U 

*7-f Kfcfc^4ti& 0 

[0 0 3 9] »lLt»7 7*«ii:ii, »fttt<a*v>» 
IB, «x.tf, »*2 5 OtfcJUt, * t 4L<I*2 6 0-3 

5 0tgft<3 7y3R#|&, WiLtf, .f'Jrh77J^n 
xf r h 77^tnxfl/>-AH7^tn7' 
ot:l/>*i^ rh77;^nxfV>-^-7il/ 
^oTi^iUfx^x-ri^i&P^iit^o #C 
»4Lv»7 7*«HBtt, f'J7f77Hnxfi,>t 

[0040] alaattWWtt, a#, 

0 . 1-30/. m§St* *) , X7^ 3 y4 fco^fi 

[oo4i] »*ttt*-r4«*#e«5**i:tt, 

6 01t%, #i L<fJl 0-5 otf%. ?t>(:ffi 
L < i± 2 0 -4 0Ii%SST-*4„ 

[0 0 4 2 ] U>UMtK&ttttC(i. 6 

Wilt, S^tt* -**> 777?) 10-8011 

*'Jrh77^tnxfi/>) 5-6 011%, 
0rcfev>T*U*tt*«ttAl 2 0' a±C7»ftlf 
7f-l~4 OSi%i"ttra« ! IS/7!' { #f^-5>o 
[0 0 4 3] iriJ, *»||OiMtHii:*v»T, 

Sit t tic Jfe*, -gig, ipst, liirfwi^oM 
[0044] it, M«aa»ii, MEicu^iStti 

[0 0 4 5] *!§^<o^ffite<ia«S)ii, K«fi:i)v< 
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a**lvTx 4 ikUJ: 

[0 0 4 6] 1»E**tt*#l-(i, Jjr^jSjattiJ Ilf* 

- # > -7 -f * 0 kf - X £ MS t i 1 1: <fc i)f» «> ft * % 
#ttft#tt#?lRE*«/hetti&tt£ l o 0M»fc*t 

M 2 0 - 5 0 0 IfS, H X ZF£XaMfeXtt£ftttlttt 
^Ttt«r«Mtt 0 — 5 0 0MS*»*U ElMBBLfc 

¥5-1 6 6 5 1 3-?£ff) , £ftttXI*JttX*titft 
^£&$l<OMi»2 0- 5 0fiS%, 7x>-)V« 

4 tOfcfttt* 4 0-75 SS%<0^^?PJ 15-501 

*%, £ j: imcfbttmi^ih^nBttitso 7 *> MMktt 

*3 0M%JSlTO*«tMft»K OBIJSJiBH) 3 0- 

(iH#8<b1-4-tUi<5»f>ft43IW (#ISI¥5-2 0 20 

5 7 5 0ffi») ttZ-ti^iilh, 

[0 0 4 7] j*mi4£*tti, Wxlf, # gg¥ 5-325 
9 8 4-»ft«U|»PSifCv»*J:^u, IftSttfeXliJft 
aNMMHTft&flllofllftll 10-60 7xy 

- ^ttJJifc f^ltiR^ 4 0-8 5 £ ft%co^-&SiJ 1 0 

- 6 ofift%, j»wttt»JB*»TOitiMi«3 *>£Ht 

JR$3 01ft9^TO*«tttt*)t (ft?UB«») 1 5 

- 6 0 fifi°/cN ±3 ± U-mjtfljA'f >^-10-30Si: 

tZ>ZtlZ£t)'&hixZ&ttX'&oXi>S.^ 0 30 
[0 0 4 8] £<btc. ^mitSttli, J&£*1£*ft6* 
fc*, «*«ll^^lft4«tttRW f /Xliiit*«ai 0 0 
**B»C»LT, DfrfMMU 0- 7 5&s%<r>mtXit 

m&imt&zm'&m 20-250 a*ts, * ± 1/ tr ? *■ 

1 0- 2 5 0**»**tr#««j|«) : f««3K#*i)tft 
Xtt«»ft+ 4 C t ic J: i) ft h tii>£ttX'$> o T 4 J: 

flJEtfvf-t LTIi> 1 5 0-4 0 OTJSSOlfrft 
A t #1" 4 £ ? f - ***te e y *■ *H*ffl ? * * . 
KrlB^«lJft5B#li, l o OMastcJtLT, 

«ft»*fefr**WtMK»Jll 0-5 0 om.Zm'SA' 

[0 0 4 9] »i UWlttStrcii, 

i$ (ml 'mm/hr • cm 2 -Aq)* ? S5 0W± 
(ft 4 I- Oil 0 0 0- 4 0 0 0, S<bUft4LOil 
500-3 5 00 BK) , ( k c a 

1 /m • h r • *C) rt*2 . 0 ELt (ft 4 L < I* 3 . 0 - 
10. OSS) 0#?LS^*t*^4ft4. ^w#?LS 50 




70 

ftXttoAtfifca (k g/cm ! ) lil 3 0tt± (ft* 
L < U 1 5 0 - 4 0 0gj£) f*ot<) J: < , EStfJig 
(kg/cm ! ) (i50W± (ft 4LOi 50-200 

mm t-*oTUv, 

[0 0 5 0] ttE**te«#o-a<0Wi:»«;siiJt|l! 

flwii. tauif, ante 

$**£tr&OTtt&XfM£tttt»> 01*. 

&fe$.Jf £ffMT-§4„ *7i, #'Jxf U>f U7*U- 
bi^UA^v-M:, frEtt^ti^^L/: 
ft> **ita6#o-*ont:<gf:t * i t »: J: 1 , M« 

[0 0 5 1 ] ©jgmHStfW-^coffli:, fttttt 

stm®&» ) a x t/STKtt * 4 ©e«ig*i4»B& * 

^tr® SrffM L 7 v it fcf f ^T-MSt * i fc U J: 
o T i W^l £ MT- 1 4 „ 7 -y -ft t' 7 f - 1: J: 4 $as t: 

mtxtt, 7 yfttf -y f-^it mmmx&zz i mm 

WE»t=**LT3K*»lLT«>J:v ( » 0 S&iz, 7yfttf 

•y f-*ikfbsxii»jftt*t*c t tmm LT, 7 

*«Mi«)«7L'S:t:uaa4fclia:1ftS-ti-Tt iv»„ 7-7 
[0 0 5 2] «c*J, 7»ftt?f*KJ:*»ltt, tt&A 

0 Ot;^ ft4L<(i 250-4 0 CCSStMrfc? 
[0 0 5 3] tfc, OHKVtt, iTEOiT^SUJ: 

h«K*»U ?#f>ftfcv- h £$l14£*t<0-£ 
[0 0 5 4] ifc, 7 7<teyf- t-ttrSli, 7-y^tt? 

t'Ct '9f?A^at-i)<7)75 J fti U>„ ^SiSgli> 7-y 
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(7) 
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< (4 250-400 r, L< (4 250-38 

OtJSft?**. COJ^fcJStftSCJ: 0, 7y|tk:y 

^-fc L r UMMfc-ftft?**. fcS, & 
H*T\ *fc(i*2T-Cff&*>ft4. /0 

ioo5 5] mettiiinii. fittiswi*,, 

v». «IB»*tta&»«JT*>*fltJitR*t«|«)lBi: 

(4, **tt*#«ja?L*atr«fl-**»a[fi'v|fe»i- 

10 0 5 6] #i U»*«fU*v»T, &T\&Mm&& 
*tO-*01BtCtt, ®ftft&Mftft£'*££-*-4ittttt 

57;u*nif-b>) , &i>'3 0ti:J3v>T7kt::*j"t4 20 
ftttftl 1 0° £H±07yft^ff-C**SiiA*«t 
ft, ®a&«l«ktta«-«jI^«««ttjK*i&tt^ ft 
*tt*r*1-*«tt*SIMMawe* , 7 7 ft f y -f U 4 <9 & 
a S ftfcMftft jWBjS $ ftT v»*. 

[0 0 5 7] £45, Ufi*tO»jili:45V>-r, 7 yftf 

«ftftOtt»&ft?L*$W«U«»Xli!fcftLTv>4. 
* O fc * , (:fl ft S ft T i» » 4 *' o *: ffl?l*£Ht 

*, **»Rt , «ai4r=ffi#llI4:WfflLT, 50 

[0 0 5 8] £ftt>Oftfl£lf Ufc^T, &J&#<9#J£- 
li, ftftjMMKA£-* if OMiM^tlBJtt 4«ftttft 

wm& \ 0-8 os*%> a*tt»#-r«e&««F* 

1xOTi5-6 0tt%, SO^yftt'y^l -4 OS* 
96g«T-*4 0 

[0059] $figii<a«ft*ti4, »WtfcOft*«)ft 
ft, «x.(f, *^-B5e»«7I!j, > tV-^-^** 
ttftjfefc £Oftft4i 4 Wtftfc LT?UfflT-^ 4 0 ifc, 

[0 0 6 0] 

l3§E<7y$£] *ftftOft&ftft&ttttli, 

ftv>ft*Tgft«ft*«ftW:E!)££(::ftttt-.& 
[0 0 6 1 ] *^MOiSg*t(4, B5ieoi«]|i®ft/c!|#14 
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M 19 $^IC)iei-4±T-^fflT-*4 0 

[0 0 6 2] J:*.!*, tteottifiiifc 

fttt * #1" 4 ftftft * ft & fc««*t * ft* 4 -Cft it 
Til 4 0 

[0 0 6 3] 

[mtM ttTu, **flu&ft»T*ftn*j:i)iMi 

[0 0 6 4] 77<tfyf (1) Oft« 

iMfcj&i ootv #> M ;>^ftfl-o. 221%, ^>-e 

>/F)§y5- 3 0 R>9-)V tf 7 ?• C 2 fSfitf)* 

3Ht7> r-7-fc>?a*j£iiiu 4 3 o'er- 9 ofrfttmsfc 

Lfcft, MT, 3 0 0fe*ftft7>f5-t>fttllfe 
4 L T ii7t fcf 7 f- * f#fc„ n h ftfc JKE-tf 7 f- Kft3£ *" 
***ALTftjra*ftjJ-*»*U 4 0 0t;?5ftW 
&fi"&U |fcft.*3 0 CC, *>"J >/Rg#6 OSft 
96, 9 8 21:96, ^V7i-Xttf9 

0 JtS% Ja±o * y 7 x - X M y f- £f#fc 0 
[0 0 6 5] #<bftjtfcTyf-5 0 g4r-y*;u«Rl&ft 
SUtta-k, *l*J**£8WtU 7;i^3*>*-^TiSL 
&v»"C, 7-;f 2 0%43J:O f 7;U3'> 8 096Wft'& 
7 Ot:, Wail 6 5 0 c c/^iSS-eftji 
2 0 l$MRlt. fc£ 4, 144g077'ftt' 
yfWtiifc. 5c»»#fO|Ml, 7»ftU7f«W 
^(1CF1.38T-*I9, $fcjt.#= 2 6 0 t, St^^^^-fi 
=^3 3 0 0, 3 0"CU45tt47Kt-Wt4K»ft= 1 4 
5° T*ofc. 4J3, gftllftli, FACE«ftl!^ft (ft 
(*) ft, CA-A12) tftv>, iffijift»:<t 

[0 0 6 6] #<bftfc7 vfttf7f-*2 5 CC, 1 Oto 
rr-Cl O^BSitoaLjtft, ^L, 3// 
m<07 yffckfy^ftie?- (J-JLT, 77fttfy^ (1) t 

[0 0 6 7] 7yftf y^ (2) Opg? 
±E>V7i-Xe7fi:ftx.t, f y^ (HftEftft 

* (*) ft, f"/fARA2 4, WtjA2 9 0r, ^+ 

* > 5FS*» 9 8.4 f >; >' >/Fii)S^ 4 5 . 
7fta%) 5 0g«rfflv»Sim ±ffi77fttfyf- 

(1) Oftftfttra^ULT, 7-yfbtf y^l 4 3 g* 
ff^o 7C^»tfOS*, 7 ylttf y^oaSSlliCFI. 
33r-*t), IMb£=2 5 or, »¥«)y3-?i:=^3 1 0 

0, 3 0ric4Jlt47kU*tt4Sftfc^=l 4 5 4 T**o 

[0 0 6 8] #e>ftfc7 yffccf-/^S-2 5 0"C, 1 Oto 
rr-Cl O^ftjfcftftLfcft, ©»L, ¥M5Sl. 3^, 
m0 7yf|:f y^»5^ (J-rF, 7yftf y^ (2) t 

[0069] nnw 1 - 4 

i£ft ^Kftft * 1: , 7 * f - 1/ > 7 7 7 ^ SiStiS^ m 

SO. 1-0. 3/zm, ¥^g0. 2/im) 

L, 3l7C-r4^i:(:J: I), 7-tf-U>7*9 7^{:**LT 
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iott% o a&tt« i tzw l fc e &ts# r * *■ u > r 

7y ??<r>Zy>) -, 7-yftfcfy^ (1) 43 < fct>'7yft 
tf-yf- (2) , SO-'^'Jr l-77HDxfu> (PT 
FE) **tr5Mft»*ft*U S^t^ST', 

[0 0 7 0] *LT, fffriifc^-Xht, #7LK^« 
(1 0 cmX 1 0 cm. If * 1 . 2 mm) U"»<b 
*fflv>Tife*U 1 0 0fe3BMMa»Lfc«, 
#**£B^T, 2 9 0t:r2>MMMtU *tt#*ft8 

l* 0 «*s#ufiit*eftttJioftii, o. 5 

m g/c m 2 T"^)* 6 
[0 0 7 1 ] HJfcfllJ 5-8 

*7-KS*« (x?^-mt7h8, PCI OF 
A) 5 0m&Mt#>)7-h ! 77A>*UJLTl>> (PTF 
E) 2 5SfiS6X(±4 Ott«fc*ft*L?EttU « 
Hffl->- h£Pl£!U ^fttt^xgH^TF, 3 5 OCT 
3 0 ^> ^ t i I), fAO. 3mmWffl!it-> 

[0 0 7 2] ftbtltztm's-H-. 7 7jtf7f 
(1) &£Xf7 vit^y* (2) 0^**7;U*n^> 

>-^>im^L, 7 7ftf7fr-aiLt„ 443, #7 

•yftfcfyf-Ji, Eff^^g-P, *U^1-«6-C*«S# 
fc 0 7;Mtf7f (1) Hi 3 0 

OtT, 7-yftfcT-y-f (2) **ftS*fcMt*|tS<- Mi 
2 7 5CT, *<tWF^#*»HSO"T?«*Lfc. 
[0 0 7 3] -E-LT, ZlinStmiZmt (l 0 OmmX 
10 0mm, 2mm) C, 7 7jtt*7ffftl 

Lfc. 445, ***Hfcil»T*B&llMtO*li, 0. 5 
m g/ c m 2 

[0 0 7 4] JtRWl ~3 

7 y ftfcT ? *-* JB<"« £ £ & < , e&**ffl«F7-fc* U 

>7'7 7 7«X7 l J-> iiWif F77;l'tOXfU 

> (ptfe) i^ts^mm^-rm^X'^ti 

fcW, gffcffl 1 - 4 t iqtttz L TWB&tfHR L *:„ 
[0 0 7 5] ft$1?U4 

77ftt , 7f*fflv>s:l:i;< 1 a v- KlttSSi:* 'Jr 
h 7 7Wnxfu> (PTFE) t*mi~mt%VE?X- 
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[0 0 7 6] -e-LT, |«SWl--8i}J:I«tKWl~4 

> -y>a*Jtftt L, «A¥»6iLTl 0 5%'J>K£ffl 
t»fcB 1 Ujj*+M£«*i:«* LT, 2 0 0 EiMtJiM* 

[0 0 7 7] SJBifcfc >&2 £JR 

iTt>4, ;<o*;u^3li, >t£f$# <7)^-*4, y- 
*HP*»-i!*+4fca«5ftV- K5, :o*7- Kt 
;o W#lt4/c*04r-v-y^6«:«x.-Ct»Sti:4»c, fife 
y-X4i:ii, «rE*v- K5uaMK*«*&+4fc*o 
^ttl&P 7 43 i^^ffiP 8 A<Rit&iirv>«. 
[0 0 7 8] frl5«irti:ii, 6&£l 0•^!:fit;Lf.:;^*- 
9 i:ii, **«-x*»7K3istt»5 -f > 1 1 *'<b 
ftttSii*. r»B*v- K6 &2kft£i4MK£9«>a&8l 
1 OfcOfflCli, mEttl 2^M^iti->4o ifc, 
frie'J >KSfi2U(i, Wfill 3 t LTOfli^ 7-/a# 
Sift? it, ioWMl 3 ii&fe* v- K6 tOWUJi, 

[0 0 7 9] aSCWLTIi, **#**«tt»K3 0 

m i 3z%.zm£mm 1 o o m 1 /a-cmtLt:. 

2 0 0mA/ cm 2 WftLitiUjaLtzt fcO* V 
- (IR-free vs. RHE) fclfflje 

U 1ffl«1#ttfc Lfc. IIMl&ltW'MjglclSIL-Cti, mfe 
ua*ffif*4-x.&ffi«K«5f:j: i3MO»^tt*IF§iit 
fco t^to*., 2 0 0mA/ cm 2 <b 1» 

. W-lttlOOmA/cm 2 £ttlgfln£-£T 1 Tj-MfcJt 
JO L, *v>-C?fe(Cl»n*lt?I 0 0mA/cm 2 fc'lt 

^ira?Hi-r i fl-nfiafrtauft*, 1 o o o 

mA/cm 2 KfciiT&HretllCff&ofcm, ±Et(i 
iSU^SttSSt 2 0 OmA/ cm 2 it'lOOmA/c 
m 2 #USBWI-fiTS** + -f *****U 1 ->M 
**$O®E0?3jftfc8l!SSLfc. 
[0 0 8 0] 443, Jtlfeffl 1 OttMtttt (fcUOTCE) li 
8 5 OrnVT"^, :OtJ 1 0 0 t LT££SE£ffl 
itWUffiiLfco r-J <i, V 

40 f)mMT^-ci)stzztimt B 

[0 0 8 1] 

[*1] 
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m 


m<0®& (lm%) 




» a * 


P T F E 


j -y it t -j t to 








3ifO;U 




6 2. 5 


3 1. 2 5 


(1) 6. 25 


10 0 


1 00. 7 


9 9. 9 


9 9. 9 




6 2. 5 


-3 1. ZD 


(z; 6. z 5 


10 0. 3 


100. 1 


1 00: 1 


10 0. 2 




50. 0 


2 5. 0 


(1) 2 5. 0 


q i q 


Q Q ^ 


y y . d 


9 9. D 


ssjsw4 


50. 0 


2 5. 0 


(2) 25. 0 


9 8. 8 


10 0. 3 


1 0 0. 1 


9 9. 7 




50. 0 


50. 0 




9 9. 9 


9 9. 2 


9 8. 4 


97. 2 


mm2 


6 2. 5 


3 7. 5 




101. 3 


10 0. 0 


9 8. 7 


9 7. 0 


JfcttW3 


66. 7 


3 3. 3 




10 2. 1 


1 0 0. 8 


9 9. 7 


9 8. 2 


WWW 5 


50. 0 


25. 0 


(1) 2 5. 0 


91. 2 


9 6. 9 


99. 2 


10 2. 0 


HKW6 


50. 0 


2 5. 0 


(2) 25. 0 


88. 3 


9 6. 8 


9 9. 2 


10 1. 5. 


HMW7 


50. 0 


4 0. 0 


(1) 10. 0 


86. 9 


9 7. 1 


9 8. 9 


9 8. 9 


HJSW8 


50. 0 


4 0. 0 


(2) 10. 0 


9 3. 1 


9 8. 7 


1 0 0. 7 


9 9. 3 


ttttW4 


50. 0 


5 0. 0 




100. 3 


9 9. 2 


97. 9 


9 6. 1 



# 
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6-*V- K 

7 -gJMIW&n 

1 1-*3M»9 0 



[HI] 
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